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Materials and Methods
Hsp70 expression and purification
Recombinant human Hsp70 (human Hsp70 1A, GenBank ID: NP005336) with an N-terminal hexa-histidine tag was overexpressed in E. coli BL21 (DE3) Gold Strain from a pET-28b vector (Merk KGaA, Darmstadt, Germany). Hsp70 was purified through Ni-NTA affinity chromatography as described previously. 1 Monomeric protein was then further isolated by size exclusion chromatography (SEC) using a Superdex 26/60 G75 column (GE Healthcare LifeSciences, Little Chalfont, U.K.). Concentration measurements were determined by measuring the absorbance of the solution at 280 nm and using the theoretical extinction coefficient calculated with Expasy ProtParam. Protein was then aliquoted, and flash frozen in liquid nitrogen prior to long-term storage at -80 ºC.
LC-MS method for analysis of protein conjugation
LC-MS was performed on a Xevo G2-S TOF mass spectrometer coupled to an Acquity UPLC system using an Acquity Q6 UPLC BEH300 C4 column (1.7 mm, 2.1 × 50 mm). Solvents A, water with 0.1% formic acid and B, 71% acetonitrile, 29% water and 0.075% formic acid were used as the mobile phase at a flow rate of 0.2 mL min -1 . The gradient was programmed as follows: 72% A to 100% B after 25 min then 100% B for 2 min and after that 72% A for 18 min. The electrospray source was operated with a capillary voltage of 2.0 kV and a cone voltage of 40 V. Nitrogen was used as the desolvation gas at a total flow of 850 L h -1 . Total mass spectra were reconstructed from the ion series using the MaxEnt algorithm preinstalled on MassLynx software (v. 4.1 from Waters) according to the manufacturer's instructions. To obtain the ion series described, the major peak(s) of the chromatogram were selected for integration and further analysis.
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Enzymatic digestion and LC-MS/MS analysis
All LC-MS/MS experiments were performed using a nanoAcquity UPLC (Waters Corp., Milford, MA) system and an LTQ Orbitrap Velos hybrid ion trap mass spectrometer (Thermo Scientific, Waltham, MA). Separation of peptides was performed by reverse-phase chromatography using a Waters reverse phase nano column (HSS T3 C18, 75 µm i.d. x 250 mm, 1.7 µm particle size) at flow rate of 300 nL/min. Peptides were initially loaded onto a precolumn (Waters UPLC Trap Symmetry C18, 180 um i.d. x 20 mm, 5 μm particle size) from the nanoAcquity sample manager with 0.1% formic acid for 3 min at a flow rate of 5 uL/min.
After this period, the column valve was switched to allow the elution of peptides from the precolumn onto the analytical column. Solvent A was water + 0.1% formic acid and solvent B was acetonitrile + 0.1% formic acid. The linear gradient employed was 5-40% B in 40 min.
The LC eluent was sprayed into the mass spectrometer by means of a nanospray ion source. were accepted if they could be established at greater than 95.0% probability. Significant hits that suggested that the expected Cys modifications were bound to peptides were then verified by manual inspection of the MS/MS data.
Molecular dynamics (MD) simulations on Hsp-caaNBF.
A homology model of Hsp70 obtained through SWISS-MODEL 2 was used as starting coordinates for the protein in the simulations. MD simulations were carried out with AMBER 18 package, 3 implemented with ff14SB, 4 and GAFF 5 force fields. Parameters for the unnatural residue (caaNBF) were generated with the antechamber module of AMBER, using GAFF force field and with partial charges set to fit the electrostatic potential generated with HF/6-31G(d) by RESP. 6 The charges were calculated according to the Merz-Singh-Kollman scheme using
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Gaussian 16. 7 Hsp70 protein or the corresponding conjugates were immersed in a water box with a 10 Å buffer of TIP3P water molecules 8 and neutralized by adding explicit counter ions.
A two-stage geometry optimization approach was performed. The first stage minimizes only the positions of solvent molecules and ions, and the second stage is an unrestrained minimization of all the atoms in the simulation cell. The systems were then heated by incrementing the temperature from 0 to 300 K under a constant pressure of 1 atm and periodic boundary conditions. Harmonic restraints of 10 kcal·mol -1 were applied to the solute, and the Andersen temperature coupling scheme 9 was used to control and equalize the temperature. The time step was kept at 1 fs during the heating stages, allowing potential inhomogeneities to selfadjust. Hydrogen atoms were kept fixed through the simulations using the SHAKE algorithm.
10
Long-range electrostatic effects were modelled using the particle-mesh-Ewald method. 11 An 8
Å cutoff was applied to Lennard-Jones interactions. Each system was equilibrated for 2 ns with a 2-fs time step at a constant volume and temperature of 300 K. Production trajectories were then run for additional 0.65 µs (native Hsp70) or 0.5 µs (for the conjugates) under the same simulation conditions. PROPKA algorithm (PARSE force-field) on Hsp70 structures derived from the MD simulation was use to performed a theoretical calculation of the pKa values of the different cysteine residues of the protein.
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Colorimetric ATPase assay
The ATPase assay was performed as described before. 13 Briefly, the ATPase reagent was made by combining 0.081% W/V Malachite Green with 2.3% W/V poly-vinyl alcohol, 5.7% W/V ammonium heptamolybdate in 6M HCl, and water in 2:1:1:2 ratios (all purchased from Sigma with no further purification). ATPase activity was tested by incubating 2 µM of the chaperone with 1mM ATP, with and without the presence of 70 µM a-synuclein monomer, in assay buffer (0.017% Triton X-100, 100 mM Tris-HCl, 20 mM KCl, and 6 mM MgCl2, pH 7.4) at 37 ºC for 3 h. At the end of incubation 25 µL of the reaction was added to a well in a 96 well plate, followed by 80uL of the ATPase reagent and 10 µL of 34% sodium citrate to halt any further ATP hydrolysis, the mixture was allowed to incubate for 15 min at 37 ºC before absorbance at 620 nm was measured using a CLARIOstar plate reader (BMG Labtech, Allmendgruen, Germany), a control sample of ATP alone in buffer treated exactly the same and subtracted from the sample absorbance's to account for intrinsic ATP hydrolysis. To account for variability in measurements a phosphate standard curve was created for each day of measurements. Cambridge, U.K.) (1 µM) was added and the mixture was heat shocked at 42 ºC for 10 min.
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Luciferase refolding assays
The reactions were then immediately removed to room temperature and luciferase activity was 
C. elegans growth
Worms were propagated and using established methods. 14 
Chaperone transduction into C. elegans
To prepare the chaperones for transduction a reagent traditionally used for lipid mediated transfection of cells was adapted. 15 Firstly, 20 µL of 20 µM chaperone was incubated for 30 min with 40 µL of PULSin reagent (PolyPlus-transfection SA) in a final volume of 1 mL supplemented with the provided PULSin buffer. Then, between 100-200 worms were added to the mixture for each condition and replica in a 1.5 mL Eppendorf tube and incubated for 5
h then re-plated on solid media overnight to be screened the following morning.
C. elegans motility experiments
To screen the worms for changes in motility the same procedure used in, 16 , 17 the full 1 mL of the worm/transduction mixture was added to 9 cm NGM plates that were unseeded with OP50 the morning after incubation, which contained 6 mL of M9 buffer, bringing the total screening volume to 7 mL. Immediately after the worms were transferred from their Eppendorf's to the screening plates, they were placed onto an imaging platform and 30 FPS movies were taken for 1 min to record the swimming of the worms. The videos were then analysed using custom made tracking software and further statistical calculations were performed with SciPy.
C. elegans imaging
To visualize the inclusions in the worms, 4 days after the transduction worms were mounted onto 5% agarose pads on glass microscope slides and anesthetized with 40 mM NaN3, then analysed. Then, the gel was stained with 0.5% of Ruby. The gel was mixed overnight at room temperature and read the day after. After wash the gel, coomassie (0.5%) was added and the gel was read 2 h after mixing at room temperature.
Synthesis of fluorescent caaNBF and NBF control
tert-butyl (2-((7-nitrobenzo[c][1,2,5]oxadiazol-4-yl)amino)ethyl)carbamate was prepared
following a reported procedure. 18 Under an argon atmosphere, 4-chloro-7-nitrobenzofurazan-NBD-Cl (398 mg, 2.0 mmol, 1 equiv.) was dissolved in anhydrous DMF (10 mL). After adding triethylamine (276 µL, 2.0 mmol, 1 equiv.) and N-Boc-1,2-diaminoethane (348 µL, 2.4 mmol, 1.2 equiv.), the mixture was stirred at room temperature for 3 h. After completion of the reaction followed by TLC (1:1, EtOAc/hexanes, using UV and KMnO4 staining solution), the reaction mixture was poured into a saturated aqueous ammonium chloride solution (30 mL).
The mixture was extracted with ethyl acetate (3 x 40 mL), and the organic layer was washed with water (50 mL) and brine (50 mL) and then dried over MgSO4. After solvent removal under reduced pressure, brown oily N-Boc protected intermediate (550 mg, 1.7 mmol, 85%) was obtained with spectral data in accordance with the ones reported in the literature. 
